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The article describes the inﬂuence of the amount and type of organically modiﬁed nanosilica (surface and structure modiﬁed Aerosil 7200 and surface-modiﬁed Aerosil R711) on the photopolymerization kinetics of tetraethylene glycol dimethacrylate and on the physical properties of nanosilica dispersions in the monomer and the polymer matrix. Kinetic measurements showed that silica addition can accelerate or retard the polymerization depending on the silica content; the magnitude of this affect depends on the type of silica modiﬁcation and can be associated with stability of silica dispersion (as measured by Zeta potential value). The highest reactivity showed compositions containing 4e5 wt.-% of silica and acceleration of the polymerization seems to result mainly from the increase in the propagation rate coefﬁcient. The composites obtained show a uniform dispersion of nanoparticles within the polymer matrix for the silica content at least several wt.-%. The size of aggregates covered with the polymer layer is between 50 and 150 nm for Aerosil R7200 and 75e300 nm for Aerosil R711. Ó 2011 Elsevier Ltd. All rights reserved.
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1. Introduction In recent years much attention has been focused on development of new inorganic-organic composite materials of prospective use in many areas [1e3]. A nanocomposite can be deﬁned as a material resulting from the association of particles having at least one of their dimensions in the range of a few nanometers, dispersed or organized in a polymer matrix [4], and nanohybrid can be deﬁned as nanocomposite for which there exists a relatively strong chemical bond between the nanoparticles and the macromolecular chains that compose (at least partly) the continuous phase [5]. It is well known that nanocomposites can combine advantages of organic polymers and the inorganic materials, which results in an enhancement of various properties including viscoelastic characteristics, ﬁre resistance [6] and barrier properties [7], resistance to scratching [8,9], abrasion [9e11], as well as other mechanical properties [2,10,11]. From among the inorganic substances, silicon dioxide has become of greatest importance as an active ﬁller of polymers because of its good resistance to heat and electricity, mechanical stability, relatively low costs and high speciﬁc surface area [11,12]. Silica has been widely
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applied in various industries. Besides common plastics and rubber reinforcement, many other potential and practical applications of polymer/silica nanocomposites have been reported: coatings, ﬂameretardant materials, optical devices, electronics photoluminescent conducting ﬁlm, ultrapermeable reverse-selective membranes, proton exchange membranes, grouting materials, sensors, etc. [13]. An easy way to disperse silica in a polymer is the preparation of the composite “in situ”, by the polymerization of a monomer that contains dispersed silica. Especially useful method is the UV-induced process, which is solvent-free, energy efﬁcient, economical in space and can be realized at ambient temperature with the high speed. These features, along with the spatial and temporal control of the curing, make the photopolymerization an attractive method for generating of high performance materials. Photopolymerization found extensive applications in producing photoactive polymerbased systems used in coating industry, paints or printing inks, adhesives, composite materials, printing plates, photo- and stereolithography, holographic recordings, and dental restorative formulations. UV-irradiation in the presence of a suitable photoinitiator is one of the most efﬁcient methods for the generation of highly crosslinked polymers from multifunctional monomers. Polymerization can be carried out under a wide range of conditions, including varying monomer structure, number and type of reactive functional groups, temperature, atmosphere, irradiation rate and photoinitiator type.
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Methacrylate and acrylate monomers are the most widely used in the light-curable systems due to their high reactivity [14]. There are many reports on UV-curable nanocomposites containing fumed silica, but they focus mainly on the mechanical properties of the nanocomposites. It has been shown for instance, that nanocomposite materials reinforced by silica nanoparticles exhibit enhanced scratch and abrasion resistance compared to nanosilica-free composites [15e17]. In the case of surface-modiﬁed pyrogenic silica, the comparison with commercially available acrylate suspensions containing colloidal silica revealed a distinct improvement in the surface mechanical properties such as haze and diamond microscratch hardness [9]. The knowledge of the curing kinetics is necessary to understand the process of composite formation and to ﬁnd technological conditions for the material production. A number of papers considered kinetics of the UV-induced polymerization process of monomer/nanosilica systems, but rather only in general terms [18e26]. Some of papers reported on an accelerating [19,20,23] or decelerating [24] effect of nanosilica addition on the polymerization process and increasing [19,20,23] or decreasing [26] conversion. Explanations considered restriction or facilitation of diffusion of reacting species by nanosilica network depending on the reaction stage [20], inhibition effect of the inorganic network on bimolecular termination [19] or extension of the light path length by light reﬂection and scattering [23]. There are no detailed reports on the curing kinetics in relation to some physical properties, especially for systems containing fumed nanosilica particles methacrylsilane after-treated and structure modiﬁed. Such silicas (in the frame of Aerosil series) are used as modiﬁers and thickening agents and improve mechanical properties of composites and plastics. Although they are often nanometer sized, their appropriate dispersion to obtain a nanocomposite can be a problem. This work was aimed to give the characteristics of a monomer/ nanosilica system, both before the polymerization (dynamic light scattering (DLS) - particle size distribution, Zeta potential; viscosity), during the UV-induced polymerization (differential scanning calorimetry (DSC) - kinetics) as well as after the polymerization (atomic force microscopy (AFM) and scanning electron microscopy (SEM) - topography and surface morphology) and to show how the amount of nanosilica and type of its modiﬁcation can inﬂuence these characteristics. Tetraethylene glycol dimethacrylate (TtEGDMA) has been used as a model monomer to form the composite matrix. The silicas selected were Aerosil R7200 and Aerosil R711. Aerosil R711 is the fumed silica based on Aerosil 200, treated with 3-methacryloxypropyl-trimethoxysilane to reduce the polarity and provide stronger interaction with the polymer segments - both on physical (surface hydrophobization) and chemical (polymer grafting) ways. Aerosil R711 is used to improve mar and scratch resistance of paints, coatings (e.g. in UV curing systems) and inks. On the other hand, Aerosil R7200 is the active ﬁller with average primary particle size ¼ 12 nm and, according to supplier, substantially improves the scratch resistance of UV-curable coatings. It is also surface treated with 3-methacryl-oxypropyltrimethoxysilane and additionally structurally modiﬁed, which reduces the size of agglomerates. This should enable to achieve higher loading levels in liquid systems (up to 20%) with little impact on viscosity [27]. 3-Methacryl-oxypropyl-trimethoxysilane acts as a coupling agent between the inorganic and organic phase. The methacrylic functions present on the surface of both silicas are able to copolymerize with the monomer leading to formation of covalent bonds between modiﬁed silica and the polymer, which inhibits macroscopic phase separation between the ﬁller and polymer matrix.



2. Experimental section 2.1. Materials The monomer TtEGDMA was purchased from Aldrich. It was puriﬁed from the inhibitor by column chromatography before use. The photoinitiator, 2,2-dimethoxy-2-phenylacetophenone (Irgacure 651) has been kindly donated by Ciba. Aerosil R7200 and Aerosil R711 were gifts from Evonik. The silicas were dried at 110  C for 2 h before use. The monomer/ﬁller mixtures were homogenized by ultrasonication by several hours. The obtained dispersions were slightly cloudy but fully transparent in the photoinitiator absorption wavelength range. 2.2. Methods 2.2.1. Viscosity Viscosities of monomer/silica mixtures were measured at the polymerization temperature (h20 and h40) at 120 rpm with a Brookﬁeld Digital Viscometer model DV-II (cone-and-plate geometry) and with Anton Paar MCR 301 instrument in the plateand-plate geometry at various share rates at 40  C. 2.2.2. Dynamic light scattering Silica suspensions in the monomer were characterized with a Zetasizer Nano ZS (Malvern Instruments Ltd.). Size of silica particles as well as particle size distribution (PSD) were performed employing the technique of non-invasive back scattering method (NIBS) with a constant 173 scattering angle, at (25  0.1)  C. The obtained particle size is an intensity-weighted mean diameter, which is also called “z-average diameter”. Zeta potential was measured at (40  0.1)  C, i.e. at the temperature of kinetic measurements. 2.2.3. Photopolymerization kinetics Reaction rates (Rp) and conversions (p) were determined by DSC under isothermal conditions at (40  0.01) C in a high-purity argon atmosphere ( 

 Lihat lebih banyak...



Comentários



























Relatórios "Monomer/modified nanosilica systems: Photopolymerization kinetics and composite characterization "






Por favor, preencha este formulário, tentaremos o mais rápido possível.


Teu nome




Correio eletrônico




Razão
-Escolha um motivo-
Pornografia
Difamação
Ilegal / Haram
Spam
Outros termos de serviço
Arquivar uma reclamação de direitos autorais





Descrição do Produto








Fechar
Enviar














Download "Monomer/modified nanosilica systems: Photopolymerization kinetics and composite characterization "





Somos uma comunidade de intercâmbio. Por favor, ajude-nos com a subida  1  um novo documento ou um que queremos baixar:



ARQUIVO DO DOCUMENTO DE ATUALIZAÇÃO


OU DOWNLOAD IMEDIATAMENTE













Fechar













Compartilhar e Incorporar "Monomer/modified nanosilica systems: Photopolymerization kinetics and composite characterization "





Copie e cole esse script de incorporação para o local onde deseja incorporar



Incluir Script




Tamanho(px)
750x600
750x500
600x500
600x400





URL










Fechar











 
 
 



Sobre nós | 
Termos | 
Privacidade | 
Direito autoral | 
Contato










Copyright © 2017 DADOSPDF Inc.






